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Introduction
Aluminum and its derivatives, e.g., alloys, oxides, organometallics, and inorganic compounds, have attracted considerable attention because of their extreme versatility and unique range of properties, including acidities, hardness, and electroconductivities. 1 Since the properties and activities of an aluminum species are strongly dependent on the structures of the aluminum sites, the syntheses of aluminum compounds with structurally well-defined aluminum sites are considerably significant for the development of novel and efficient aluminum-based materials.
However, the use of these well-defined aluminum sites is slightly limited by the conditions due to the hydrolysis of the aluminum species by water. 2 Polyoxometalates (POMs) have been of particular interest in the fields of catalysis, surface science, and materials science because their chemical properties such as redox potentials, acidities, and solubilities in various media can be finely tuned by choosing appropriate constituent elements and countercations. 3 In particular, the coordination of metal ions into the vacant site(s) of lacunary polyoxometalates is one of the most powerful techniques used for constructing efficient and well-defined active metal centers. Knoth and co-workers have first synthesized the Keggin derivative (Bu 4 N) 4 (H)ClAlW 11 PO 39 . 4 However, only a few aluminum-coordinated POMs determined by the X-ray crystallographic analysis have been reported, e.g., TBA 3 H[g-SiW 10 O 36 {Al(OH 2 )} 2 (m-OH) 2 ]×4H 2 O (TBA = tetra-n-butylammonium) 5 In this study, we successfully obtained a dimeric, aluminum complex composed of tri-lacunary a-Keggin POM in the form of crystals suitable for the X-ray structure analysis of K 6 Na[(A-PW 9 O 34 ) 2 {W(OH)(OH 2 )}{Al(OH)(OH 2 )}{Al(m-OH)(OH 2 ) 2 } 2 ]×19H 2 O (KNa-1). of nitrate ions from the precursor.
The weight loss observed during the course of drying before the analysis was 4.22% for KNa-1; this corresponded to 16 weakly solvated or adsorbed water molecules. On the other hand, in the TG/DTA measurement performed under atmospheric conditions, a weight loss of 7.7% observed at below 172.4 °C corresponded to 25 water molecules. Therefore, the number of water molecules (25) observed by the TG/DTA measurement under atmospheric conditions was consistent with the sum of the water molecules (6) coordinated with the bridging aluminum and the tungsten sites, the hydrated water molecules (3) found in the elemental analysis, and the water molecules (16) corresponding to the weight loss observed during the course of drying before the analysis.
The molecular structure of 1 in KNa-1 and the partial structures around the dialuminum site and around the aluminum/tungsten bridging sites are illustrated in Figs. 1a, 1b, and 1c, respectively. Selected bond lengths and angles around the dialumium center and the bridging tungsten/aluminum sites are summarized in Tables 1 and 2, while other bond lengths (Å) and angles (º) (Table S1) and the bond valence sum (BVS) calculations of the W, P, Al, and O atoms (Table S2 ) are given in the ESI †.
The composition and the formula of KNa-1 containing six potassium and a sodium countercation, and 19 hydrated water molecules were determined by the elemental analysis and the TG/DTA analysis. The X-ray crystallography of KNa-1 identified six potassium ions and a sodium ion per formula unit in the crystal structure, but the hydrated water molecules per formula unit were not completely determined because of the disorder. 7
The X-ray crystallography of 1 revealed that a dialuminum diamond core structure was sandwiched between two tri-lacunary a-Keggin polyoxotungstates. Two 6-coordinate monometal sites bridged between two tri-lacunary a-Keggin polyoxotungstate units were aluminum and tungsten atoms with a 41.7%:58. oxygen atoms suggested that a proton was bound to each of the two bridging oxygen atoms between two aluminum atoms, and two water molecules were coordinated with each of the two aluminum atoms. Therefore, the central dialumium diamond core was composed of the two 6-coordinate aluminum ions linked with the two bridging hydroxyl groups and the four water molecules, i.e., [Al III 2 (m-OH) 2 (OH 2 ) 4 ] 4+ . The Al-Al length was 2.892 (5) (Insert here Fig. 1 and Tables 1 and 2) The FTIR spectrum measured as a KBr disk of the compound KNa-1 is shown in Fig. 2 intensities due to the dialuminum diamond core and the bridging mono-aluminum site, respectively. The 183 W NMR spectrum (Fig. 5 ) of KNa-1 in D 2 O at ~25 ºC showed a ten-line spectrum of (d -107.96, -116.39, -159.27, -162.57, -207.41, -208.02, -210.46, -214.98, -306.85, and -313 .08 ppm). The ten-line spectrum of KNa-1 showed that the nine tungsten atoms in each oxoanion half corresponds to the other by a twofold rotation and a bridging tungsten atom sandwiched by two polyoxoanion units. Therefore, three Al ions are coordinated to the Keggin polyoxoanion with Cs symmetry. These spectral data were completely consistent with the X-ray structure, suggesting that the solid structure was maintained in the solution.
( 
Experimental section
Materials Na 9 [A-PW 9 O 34 ]×18H 2 O was prepared as described in the literature. 9 The number of solvated water molecules was determined by TG/DTA analyses. All the reagents and solvents (ethanol and diethyl ether) were obtained and used as received from commercial sources.
Al(NO 3 ) 3 ×9H 2 O (Aldrich, 99.997% purity) was used.
Instrumentation/analytical procedures
The elemental analysis was carried out by using Mikroanalytisches Labor Pascher (Remagen, Germany (200 mL), 20.297 g (7.50 mmol) of a solid Na 9 [A-PW 9 O 34 ]×18H 2 O was added in a single step, followed by stirring in a water bath at 90 °C for 30 min. After cooling to room temperature, the white suspension was filtered through a folded filter paper (Whatman #5).
To the colorless clear solution, a solid KCl (5.666 g, 76 mmol) was added, followed by stirring at 25 °C for 1 h. The solution was evaporated at around 40 °C until a white precipitate was formed. The white precipitate was collected on a glass frit (G4) and
washed with ethanol (5 mL ´ 3) and ether (5 mL ´ 3) . At this stage, a crude product was obtained in a 5.559 g yield. The crude product (0.502 g) containing with unreacted aluminum nitrate was dissolved in 2.2 mL of water, followed by stirring in a water bath at 80-90 °C. After 15 min, the solution was filtered through a folded filter paper (Whatman #5 -159.27, -162.57, -207.45, -208.02, -210.46, -214.98, -306.85, -313 .08. aluminum atoms, two phosphorous atoms, 78 oxygen atoms, six potassium atoms, and a sodium atom per formula unit was identified, but the location of the hydrated water molecules 
X-Ray crystallography. A colorless prism crystal of
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